We examined 12 human cervical spinal cords to study the numbers and transverse cell body areas of the motoneurons in relation to the aging process. Our conclusion was that cervical motoneurons regulate their function by increasing in size to compensate the loss in numbers that occur as people get older.
Summary:
We examined 12 human cervical spinal cords to study the numbers and transverse cell body areas of the motoneurons in relation to the aging process. Our conclusion was that cervical motoneurons regulate their function by increasing in size to compensate the loss in numbers that occur as people get older.
There have been few morphometric studies of age-related changes affecting the nervous system, especially the human spinal cord. Studies so far have dealt with the length and caudal level of termination4), atrophic changes2'9), or the decrease in the total number of motoneurons in the spinal cord5 '6'8) . Quantitative studies on both the number and the transverse area of motoneurons were conducted by Zhang et al.') They presented exceptionally reliable data thanks to the use of a new preparation method') that reduces the shrinkage ratio to about 10%.
Their study showed that the number and transverse area of motoneurons at C6 level of the human spinal cord decreases with age. The present study was undertaken to make quantitative analysis of the motoneurons at different ages, and to see if the reduction in the number, average area and total area of the motoneurons (Rexed's Lamina IX) in the human cervical spinal cord (from C1 to C8) occurs during the aging process.
Methods
We examined 12 male cervical spinal cords which had been removed from cadavers for anatomic dissection. The age at death ranged from 41 to 88 years (average: 63.3 + 14.4). The causes of death were not related either directly or indirectly with the central nervous system, and no pathologic changes were found in the spinal cord on microscopic examination. Therefore, the spinal cords in our study were considered normal. For fixation, 10% formalin (3.7% to 4.0% formaldehyde) was injected through the femoral artery using a pulsation pump; blood was drained through the bilateral femoral and jugular veins. The spinal cord was removed en bloc together with the dura mater and placed in a 10% solution of formalin. This was followed by secondary fixation with a mixed solution of 5% potassium dichromate and 5% potassium chromate (1 : 4 in volume) for 3 weeks. Tissue blocks from the cervical spinal cord (from C1 to C8) were washed in running tap water, dehydrated with alcohol, embedded in celloidin, cut transversely into 20 gm-thick sections, and stained with the Luxol fast blue-peridic acid-Schiff-hematoxylin3) or Kliiver-Barrera methods. For the measurement and analysis of the sections, a combination of an electronic optical planimeter (Digitizer KC 3300, Graphtec Co, Japan) and a computer (PC-9821 V13, NEC, Japan) was adopted to count the total number of motoneurons in both left and right sides of the spinal cord and to measure the area of the transverse section of the motoneurons in Rexed's lamina IX at levels C1 to C8. The data were presented as mean + S.D. A linear regression analysis was performed to determine the correlation between age and the following data: number, mean area and total area of the motoneurons.
A value of P < 0.05 was regarded as significant.
Results

Mean Number of Motoneurons
The number of motoneurons having a nucleolus in the nucleus ranged from 15 to 83 (mean: Fig. 1 : before 65 years, r = 0.37, P > 0.3; after 65 years, r = -0.72, P > 0.1).
Mean Transverse Area of Motoneurons
The average transverse area of motoneurons ranged from 407.6 [trn2 to 1,069.5 prn2 (mean: 685.4 + 151.6 1.1m2). The regression analysis showed no correlation between age and the mean area of motoneurons ( Table 2 , Fig. 2 : before 65 years, r = 0.60, P > 0.1; after 65 years, r -0.26, P > 0.5).
Total Transverse Area of Motoneurons
The total transverse area of motoneurons ranged from 5,313.9 illn2 to 87,699.1 pm2 (mean: 29,259.6 ± 14,895.7 gm2). The scatter diagram with regression line is shown in Fig. 3 . It shows two different phases: a slight increase in total area of motoneurons up to 65 years of age, followed by a sharp and continuous decrease (Table 3 before 65 years, r 0.51, P > 0.1; after 65 years, r = -0.93, P < 0.05).
Discussion
Rexed71 classified the spinal cord gray matter into 10 laminae which he numbered, roughly from dorsal to ventral. (The original study was conducted on the cat, but the data are applicable to other species as well.) Lamina IX consists of several distinct clusters of large somatic motoneurons that occupy somewhat different positions within the anterior gray horn at various spinal levels. The cervical enlargement contains a larger numbers of clusters made up of more numerous motoneurons. The anterior horn cells of this lamina are large multipolar neurons (soma diameter of 30 to 70 pm) with central nuclei and coarse Nissl bodies. These large motor cells, which innervate skeletal muscles, are referred to as alpha (a) motoneurons; scattered among them are smaller gamma (y) neurons that give rise to efferent fibers that emerge via the ventral root and innervate the contractile elements of the muscle spindle. Gamma efferent fibers play an essential role in the maintenance of muscle tone and bring the muscle spindle under control of spinal and supraspinal influences '7).
Many researchers have reported that the number and size of the motoneurons decreases with age. It should be noted that the results of this study are in general agreement with the report by Tomlinson et al.8) In their study, forty-seven spinal cords were examined at lumbar segments from subjects between 13 and 95 years old. No evidence of loss of motoneurons was found up to the age of 60. But, there is increasing evidence of loss of motoneurons after that age. Cell loss appeared to be uniform throughout all the segments and not to be accompanied by any other striking morphological change. After research at level C6 of the human spinal cord in twenty-four male cadavers, aged from 41 to 97 years without any accompanying pathological changes in the spinal cord, Zhang et a') showed that a reduction in number and size of motoneurons in the human spinal cord is associated with neuronal degeneration and the loss of motoneurons during the aging process.
Our study revealed a sharp decrease in the total transverse area of the human cervical motoneurons after the age of 65, which led us to consider two different phases, with that age as the boundary. Although the data regarding the mean number of motoneurons were not statistically significant, we can still see a tendency to decrease after the age of 65. This, together with the definite reduction of the total transverse area, could induce us to think that motoneurons in the spinal cord tend to get smaller as people get older. However, closer analysis of the data shows that this is not true. The mean transverse area (Fig. 2) shows no sign of decrease after the age of 65. We can therefore only conclude that there appears a kind of compensatory phenomenon: as the number of motoneurons decreases with age, the remaining ones tend to, on the contrary, incease in size, obviously in order to maintain their function.
